Physiotherapy techniques advocated Cryotherapy
Cryotherapy is the application of cold to tissues for therapeutic purposes and results in vasoconstriction, with subsequent reduced blood flow, and reduced nerve conduction velocity (Steiss and Levine, 2005) . Consequently, cryotherapy helps to reduce inflammation and swelling and reduce pain post operatively or after exercise (Shumway, 2007; Saunders, 2007) . It is also suggested that cryotherapy can help to improve range of motion post operatively due to reduction in inflammation and pain (Steiss and Levine, 2005) . Cryotherapy may be achieved using ice packs wrapped in a thin layer of material and placed on the limb (Shumway, 2007) or with the use of a cold compression unit; combining cryotherapy with compression which improves contact with the limb (Rexing et al, 2010) . The use of cryotherapy in the post-operative period is well documented although there are no clear guidelines for duration or frequency of treatments. Precaution should be taken though as excessive cooling can be detrimental to tissues. Table 1 shows some of the protocols suggested in veterinary texts.
Heat therapy
Heat therapy has the opposite effect of cold therapy; inducing vasodilation and subsequent increased blood flow to the area. This affect, although detrimental if initiated in the acute inflammatory phase as it encourages oedema/swelling, is beneficial in later stages of healing (Heinrichs, 2004) . Increased blood flow to injured tissues results in accelerated healing and also limits the activity of pain receptors resulting in reduced pain. It is also believed that stimulation of the thermal receptors in the skin blocks the trans-
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fore be beneficial prior to exercise/physiotherapy. Superficial heating of the skin can be achieved by using hot pack/wraps, whirlpool baths, electric heat pads or infrared lamps (Steiss and Levine, 2005) . In the post-operative patient whirlpool baths would be contraindicated due to the surgical wound, and Steiss and Levine (2005) suggest burns are a greater risk with electric heat pads and infrared lamps. Therefore a hot pack/wrap would be the most appropriate option. As with cryotherapy there are no clear guidelines for the duration and frequency of treatment. Steiss and Levine (2005) and Sharp (2010) suggest application for 15-30 minutes but give no guidance for how often treatment could be applied. Excessive heating mission of pain signals, further improving analgesia (Heinrichs, 2004) . Heating tissues also increases tissue elasticity (Steiss and Levine, 2005) and can result in improved range of motion through decreased stiffness in the joint capsule and increased muscle and tendon elasticity. The application of heat can there- 
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of tissues can be detrimental so caution should be employed.
Massage
Massage is the process of applying various movements of varying pressures to the skin and underlying tissues. The principles behind the use of massage are: l l Varying pressures applied to tissues results in movement of fluid/blood into and out of tissues helping to remove waste and improve circulation. l l By applying pressure in a distal to proximal direction, venous and lymphatic return is encouraged thus helping to reduce swelling and oedema. l l Movements applied to the body result in movement between tissue layers which helps to stimulate the nervous system and loosen adhesions between layers. l l Massage aids relaxation (Sutton, 2004) . Table 2 summarises some of the massage techniques suggested for use in the post-operative period, how they are performed and their proposed benefits.
Passive range of motion (PROM) exercises
PROM exercises involve the physiotherapist moving the joint within, but not beyond, the available range of motion (Millis et al, 2004) . Figure 2 shows a nurse performing flexion on the forelimb joints. This can be repeated a number of times per session, typically 15-20 (Shumway, 2007) . Disuse of the limb results in increased stiffness within the joint capsule and changes to the cartilage matrix which make it more susceptible to damage (Millis, 2004a) . The purpose of PROM exercises is to maintain range of motion within the joint and improve synovial fluid distribution and removal of waste (Millis et al, 2004) . In the case of post-operative rehabilitation after stifle surgery both the stifle and all other joints of the operated limb will be affected by disuse and should be treated with PROM exercises (Kirkby, 2010) . Research in humans has found a correlation between the time it takes to regain normal range of motion and the time to full functional recovery, i.e. the faster the patient regains full range of motion the shorter their overall convalescence period (Kirkby, 2010) . Shumway (2007) also suggests that if a patient does not receive PROM exercises early in the postoperative period a permanent limited range of motion may result.
Although PROM exercises are essential in the postoperative period to maintain joint capsule and soft tissue flexibility, due to their passive nature they do not prevent atrophy of the musculoskeletal tissues that occurs during limb disuse (Millis et al, 2004) . To attenuate the effects of disuse active exercises and weight bearing are required and should be encouraged early in rehabilitation (Millis, 2004a) . It is important that exercises are applied in a controlled manner to accelerate healing and not cause injury to healing tissues. 
Therapeutic exercise
Saunders (2007) discusses how simple re-ambulation is not sufficient to regain strength lost after surgery/ injury. Tailored exercises are required to ensure full functional recovery. Therapeutic exercise encompasses a large range of functional tasks used to aid in the rehabilitation of patients, the goals of which include: l l Strengthening muscles l l Encouraging weight bearing l l Improving range of motion l l Improving balance and proprioception l l Cardiovascular and respiratory health (Saunders, 2007) . Table 3 summarises some of the therapeutic exercises that may be used on the post-operative patient after surgery to the stifle. How to perform these exercises, how they can be progressed as the patient improves and the purpose of the individual exercises is also included.
Hydrotherapy
Hydrotherapy is the use of water-based therapy to aid in the rehabilitation of patients. The principles of hydrotherapy and its benefits (as well as contraindications to therapy) centre on the properties of water and thus the effect of exercising in such an environment. A number of the properties of water and their implications for therapy are described in Table 4 . (Hamilton et al, 2004; Saunders, 2007) CPD article different methods of physiotherapy over a period of weeks post surgery. These approaches mirror what would occur in practice but do not give clear evidence of the benefits of the individual components of the physiotherapy programme, only of the programme as a whole. Millis et al (1997) undertook a randomised, controlled, preliminary study (ten dogs) looking at the benefits of a physiotherapy programme (PROM exercises, neuromuscular stimulation, active therapeutic exercises and hydrotherapy) over a period of 12 weeks. Improvements were seen in both groups in thigh circumference (muscle mass), range of motion and force plate analysis (limb use) measurements. The physiotherapy group showed significantly (p<0.05) greater thigh circumference at week two only and significantly (p<0.05) greater extension of the stifle throughout. No other significant differences were seen between groups. Small sample size may have limited the results of this study.
A small study (eight dogs) conducted by Monk et al (2006) over a period of 6 weeks found that treatment with a physiotherapy programme (cryotherapy, PROM exercises, massage, active therapeutic exercise and hydrotherapy) resulted in a significant (p<0.001) improvement in thigh circumference and stifle range of motion, compared with a home exercise group. However, weight bearing and lameness scores did not differ significantly between the two treatments. The investigator was not blinded to the treatments therefore subjective scoring methods could have been influenced by the investigator. However, goniometry was used to measure range of motion and this has been shown by Jaegger et al (2002) to be a reliable and objective measurement of range of motion. Conversely, thigh circumference measurement with a tape measure is less standardised with limb position and tape tension affecting results (Millis, 2004b) , both of which do not appear to have been considered by the researcher.
Marsolais et al (2002) reported a larger study (51 dogs) which explored the long-term effect (6 months) of a physiotherapy programme (massage, PROM exercises, active therapeutic exercises and hydrotherapy) on the function of the limb after repair of the CCL. This study used measurement of peak vertical force (PVF) and vertical impulse (VI) using force plate analysis to assess the effect of physiotherapy. This method has been used widely in veterinary motion research (Gillette and Angle, 2008) and is a reliable measurement of limb use/weight bearing (Bockstahler et al, 2007; Fanchon and Grandjean, 2009 ) compared with subjective weight bearing scores, such as that used by Monk et al (2006) . This, along with a larger sample size and longer period of study, may account for the results gained by Marsolais et al (2002) which indicated that treatment with a physiotherapy programme, as opposed to a home exercise programme, resulted in significantly (p<0.05) greater PVF and VI in the repaired limb. Furthermore, values were no longer significantly different from those of the contralateral unaffected limb.
In studies by Marsolais et al (2002) and Monk et al (2006) the patients were client-owned dogs therefore the level of care provided at home could not be controlled. Additionally, the owners were offered the choice of treatment thus random selection of treatments was not achieved. This could have potentially impinged on results as less conscientious owners, who are less likely to comply with post-operative care instructions, opt out of the more time demanding physiotherapy treatment group. 
Cryotherapy
A randomised, controlled study conducted by Drygas et al (2011) found that the use of cold compression therapy (CCT) in the immediate postoperative period resulted in reduced pain and increased range of motion in the stifle joint. A significant difference was not seen in thigh circumference (post-operative swelling) though. However, similar research conducted by Rexing et al (2010) found that use of CCT resulted in a reduction in post-operative swelling compared with the use of a bandage. The difference in results could be due to uneven variation in bodyweight and length of surgery between treatment groups in Drygas et al's (2011) study, which occurred despite randomisation. Equally the difference in results could be due to the unreliability of thigh circumference measurements made using a tape measure without a tension device (Millis 2004b), as was used in both studies. Although, research by Baker et al (2010) did find that reliability of measurements could be improved if methods were standardised and measurements taken by the same individual as was done by Rexing et al (2010) and Drygas et al (2011) .
Both the studies showed there to be a benefit of cold therapy within the immediate post-operative period. Results presented by Drygas et al (2011) for measurements taken at 14 days post surgery demonstrate no long-term benefit of cold therapy if no further physiotherapy is provided.
Other treatment methods
Currently there is no research to demonstrate the benefit of PROM, massage, therapeutic exercise or hydrotherapy as independent treatments during the post-operative period in dogs suffering from ruptured CCL.
Conclusion
The evidence-base for the use of post-operative physiotherapy in the canine patient is in its infancy. The benefits have been demonstrated in humanbased medicine; therefore the lack of animal-based evidence should not deter the veterinary profession from utilising a potentially advantageous complementary therapy. Additionally, in research conducted, no deleterious effect of physiotherapy has been observed. To provide evidence that the benefits recognised in human medicine are truly applicable to the canine patient, further research is required in this field and emphasis should be made to the reliability and validity of such research. As in human practice, post-operative physiotherapy is a dynamic area in veterinary practice and established protocols of best practice will change and develop as more research is conducted. 
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